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1
Introduction

During RAN1#65, the work on Release 11 DL MIMO enhancements has been started. While limited discussion time has been available, there have been various proposals with respect to scenarios to be investigated, a notable contribution being the operator views [1] which summarizes the scenario prioritization while also providing insights on the needed effort for each case. 
In this contribution we are sharing further views on scenarios, while we also try to identify potential problems and standardization impact of CSI feedback in the scenarios identified as having high importance. 

2 
Scenarios

As a general observation on the choices of deployment scenarios, one should strive to identify high potential scenarios while on the other hand balance the choices with a realistic view on the time and effort needed to identify the gains. Expanding the scope of this study item would bring difficulties in investigating the realistic gains and hence conclude the work. We should also try to steer our efforts in exploring new, realistic enhancements rather than revisiting previous studies as also already emphasized in the study item description. 
In [1], a good effort has been done in the direction of identifying the scenarios of interest from operator perspective, while also selected keywords have been provided in order to identify the effort behind each case. The scenarios can be grouped in two main categories: macro and small cells. The case of macro cells has been rated as having middle priority. Indeed, we belive the case of macro cells with cross-polarized antennas received extensive attention during Release 10 [2]. A large amount of enhancements (both PMI and CQI) have been considered, while the identified gains have not been sufficient in order to justify further standardization of the schemes. Also the case of active antennas and 3D beamforming has been mentioned. It might be the case that active antennas will play an important role in future networks, however even the message in [1] seemed a bit hesitant on the actual product availability and hence current necessity in investigating such scenario in Release 11 timeframe. We would therefore prefer to allow more time for the active antenna development to get to a more mature state, while RAN1 could consider this in later releases. As for the use case of 3D beamforming to offer coverage for high buildings, there are alternative solutions, for example the utilization of scenario 3 of macro and RRHs. As mentioned in [1], the challenges related to 3D channel modelling may significantly delay the Release 11 work. Furthermore, we believe that changing the elevation of the beam on sub-band/sub-frame basis would bring extra interference to the neighbouring cells and thus more challenges for operators to deploy their networks. 

The case of small cells refer to both indoor and outdoor placements. We understand the difference from CoMP scenario 3 lies in the no inter-cell coordination part, but fail to see the purpose of this case – essentially the difference is only in the interference scenario and we do not think this will impact much the conclusions on single-cell MIMO schemes. We believe that small cells (with 16dB less transmission power) without macro will not be able to provide reliable connection for all users distributed within the area.  Having a macro is a convenient way to ensure connection for users that do not have a good connection to an RRH, i.e. the macro serves users outside the coverage areas of the RRHs. 
Moving to macro and small cells, the so called Scenario 4 looks as one of the most promising in terms of both operator needs and also realistic gains. This has been also rated as having high priority and we will refer to this case in the rest of the contribution.
Proposal: Non-uniform network deployment of macro-nodes and RRHs should be the main scenario to be prioritized.

3
CSI feedback enhancements 

New MIMO scenarios require new design considerations. From this perspective, it is indeed necessary to consider CSI feedback enhancements as well and as all the other aspects needed to make MIMO operate in the new scenarios. As previously mentioned and also highlighted in [1], (one of) the main scenarios to be considered from a DL MIMO enhancement perspective is the macro-node with low power RRHs. In [3], several observations related to this scenario have been addressed. There are several new aspects which add a degree of complexity in handling this scenario from MIMO perspective, and these will be discussed in the following.
Transmit point hearability and CSI-RS ports measurements

The very first issue comes from the hearability of the transmit points. As the users are distributed in the cell, they can be served from one or multiple transmit points in either single user or multi-user mode. As the RRH nodes have low power, it is important to quantify what transmit point hearability is available at the UE. In other words, this can be shown as the relative pathloss distribution between the most powerful transmit point and the second, third, and so on, transmit point. In Figure 1 we have depicted the relative pathlosses between the most powerful transmit point and the second, up to six-th, transmit point for outdoor model configurations 1 and 4b. We note that the hearability of two transmit points is of 40-80% while for 3 transmit points it drops to 5-50%.  We have been considering the threshold of 5-15dB for allowing joint transmission between transmission points. This indicates that, for example, in the case of two transmit points, 40-80% of the users are jointly served by multiple transmit points while the remaining 60-20% are served in single user mode. While transmission from multiple points might be beneficial, it is also based on CSI estimation and feedback from the UE for each transmission point. Hence one should find the balance between the number of transmission points involved in joint transmission and the associated feedback involved in this process. From this perspective we believe that it is unlikely to have joint transmission from more than 3 transmission points. Looking at Figure 1 we note that the probability of joint transmission for 4 transmission points is of 1-25%. 
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Figure 1: Relative pathloss distribution for Outdoor configurations 1 and 4b.
The hearability of the transmit points translates in different virtual array sizes. Traditionally the UE is assigned in a cell operating with a single physical identifier while the number of transmit antennas are set to 2Tx, 4Tx, 8Tx. Following [1], the number of transmit antennas for the macro eNB may be of 2, 4, 8Tx while for low power nodes 1, 2, 4 Tx (in order of priority). While this is to be further confirmed, in CoMP simulation assumptions we have been considering as baseline the combinations of (2,2), (4,4) and (2,4) these representing (macro, low power node) arrangements. In Figure 2-Figure 5 we are presenting the virtual array sizes for 2 and 3 transmit points, respectively. Not only the maximum number of transmit antennas is a new thing in this HetNet scenario, but also the combinations of antennas which go along.  It is possible to have a joint transmission type of operation from multiple transmit points. If the joint transmission scheme seems feasible it is to be investigated further. It is also quite probable that one UE can hear a 1Tx macro and a 2Tx RRH. This combination enables an odd number of transmit antennas. In this respect we have been investigating the probability of joint array Tx antennas sizes with four different configurations of (macro, low power node/RRH) number of antennas (2,4), (2,2), (4,4) and (1,4). The figures show that a high amount of virtual array dimensions are possible: 2, 3, 4, 5, 6, 8, 9, 10, 12. Other observation is that probabilities of joint antenna array sizes vary with CoMP threshold. With stricter threshold (lower threshold) the probability of CoMP with only two transmission points is higher and so is the probability of lower joint array antenna sizes.
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Figure 2. Macro comprising 2 TX antennas, RRH comprising 2 Tx antennas
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Figure 3. Macro comprising 4 TX antennas, RRH comprising 4 Tx antennas
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Figure 4. Macro comprising 2 TX antennas, RRH comprising 4 Tx antennas
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Figure 5. Macro comprising 1 TX antenna, RRH comprising 4 Tx antennas


Observation: A high number of Tx antennas (more than 8Tx) as well as an odd number of Tx antennas are possible in non-uniform deployments.

Throughout Release 10 CSI discussions, various feedback mechanisms have been considered, exploring schemes of explicit and implicit feedback. While explicit feedback seems attractive from the feedback information point of view, practical points such as testability, implementation complexity, standardization effort and limited feedback link capacity make such schemes less appealing in real world., (at least when considering today’s technical limitations.) We believe implicit feedback should remain to be primarily considered for the CSI enhancements in the new scenarios. 
Proposal: Implicit feedback should be the baseline for new investigations.
As previously mentioned, a form of joint transmission between the transmit points might be possible. Going further with the implicit feedback thinking, one may make use of the existing codebooks and operate them per transmit point while combiners are to be fed back as well. Another possibility would be to design joint codebooks. This later solution appears impractical given the various possibilities in terms of transmit antennas (as shown above). Let us have the following example of two RRHs, each with 2Tx antennas and macro-node with 4Tx, hence forming a virtual 8Tx for the UE of interest. Reusing current feedback can be done by either considering the 2Tx and 4Tx codebooks on the corresponding transmit points and in addition computing the combiners which form the 8Tx precoders, hence similar to CoMP operation, or by considering the 8Tx codebook on the virtual array. This later solution does not correspond to the aggregated  channel properties as the 8Tx design has been done for correlated antennas while the distributed antennas will not have such property between the transmit points arrays. 

Proposal: Reusing the existing codebooks should be the baseline.

Another aspect is the number of layers to be considered. Release 10 had an incentive for 8 layers in single user mode, striving for high peak rates. In practice we deal with UEs having 2Rx and 4Rx, hence we see small need for a large number of streams (more than 4) in the new scenarios. Due to the nature of distributed antennas, a more uncorrelated composite channel (even full rank) is to be observed when combining multiple transmission points. One potential optimization area is for 3-4 layers which are not so efficiently operated in 4x4 scenario. Even if a high number of layers are considered, maximum number of layers cannot exceed 8. As for the multiuser case, Release 10 has the limitation with respect to the number of DM-RS which allow for only two orthogonal layers and a maximum of four quasi-orthogonal layers being able to be transmitted. Four quasi-orthogonal layers are possible if ones makes use of the two available scrambling IDs in addition to the two orthogonal ports. While considered in Release 10, the operation of four layers in MU has not been seen beneficial from the point of view of orthogonal DM-RS, one major drawback being the high overhead. The location of the RRHs in the macro-node may enable the usage of quasi-orthogonal DM-RS and the spatial separation can be used. 

Observation: No need for higher spatial-multiplexing layers in single user mode, while a higher multi-user operation might be achievable in a transparent way, by using the spatial separation between the RRHs.
The reference signals operation should be in the spirit of TM9, hence the CSI-RS and DM-RS combination is used, while PDSCH RE muting may be utilized on top. We note the UE specific nature of the whole RS package which adds the flexibility of operating this scenario. From the point of view of CSI estimation, antenna ports of transmission points are indicated in a UE specific way. RE muting is operated in addition to CSI-RS to facilitate accurate transmit point CSI estimation. For PDSCH demodulation, DM-RS are utilized, the current specification allowing transparent operation mentioned above, hence four layers to be multiplexed. If extra multiplexing capacity is needed, the scrambling domain can be one dimension to be further expanded. In addition to the scrambling IDs and pattern as such, the OCC codes have been previously proposed to be handled in a specific way for MU operation. However, considering the 12 REs of the traditional two-layer operation for up to four-layer transmission instead might prove inappropriate as the number of REs per layer, power wise, equals three per PRB, which is totally insufficient for accurate demodulation.
Proposal: There seems to be no immediate need for a modification of the number of orthogonal DM-RS layers in MU.
4
Conclusions
In this contribution we have been discussing scenario prioritization while also looking into selected high level views with respect to the CSI enhancements envisioned for the new DL MIMO study item. Going through the recently finalized Release 10 decisions, a very first important observation is the fact that sustained effort for CSI feedback enhancements has been done during Release 10, considering CQI, PMI and codebook enhancements. We do believe that future evaluations should explore new enhancement opportunities rather than re-visiting previous studies, hence this should be reflected in the prioritized scenarios.
Being more specific on the CSI enhancements to be further investigated, we can summarize the following observations and proposals:

Observation: A high number of Tx antennas (more than 8Tx) as well as an odd number of Tx antennas are possible in non-uniform deployments.

Proposal: Implicit feedback should be the baseline for new investigations.
Proposal: Reusing the existing codebooks should be the baseline.

Observation: No need for higher spatial-multiplexing layers in single user mode, while a higher multi-user operation might be achievable in a transparent way, by using the spatial separation between the RRHs.
Proposal: There seems to be no immediate need for a modification of the number of orthogonal DM-RS layers in MU.

References

[1] R1-11xxxx, Scenarios prioritization for DL MIMO enhancements, Orange, AT&T, CMCC, KDDI, NTT DOCOMO, Telecom Italia, Telefonica (submitted on RAN1 reflector).

[2] R1-111565, DL MIMO enhancements for different deployments and scenarios
Renesas Mobile Europe Ltd.

[3] R1-111342, Rel.11 DL MIMO Enhancements for Single-Cell with RRHs, Texas Instruments.
[4] R1-111635, Initial views on CSI feedback enhancement for Rel-11 DL MIMO, NTT DOCOMO.
